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SECTION I 
DESCRIPTION 


1. GENERAL. 


a. Voltohmmeter I-166 is a general purpose measuring in- 
strument especially designed for the servicing of radio equip- 
ment. It is capable of measuring a-c and d-c voltages as well as 
d-c resistance in the ranges indicated in paragraph 5. 


b. The instrument is entirely self-contained in a wooden 
carrying case 7 by 6 by 54 inches and weighs 3.75 pounds. 
Contained within the lid is a compartment which has two sets 
of test leads, detachable clips, and two copies of TM 11-2613. 
Voltohmmeter 1-166 uses Battery BA-31, but this battery is 
not supplied with it. 


2. D-€ VOLTAGE MEASUREMENTS. 


D-c voltage measurements are made directly by applying the 
unknown voltage to the meter through a suitable value series 
resistor. Although basically the meter movement has a full 
scale sensitivity of 100 microamperes, it is shunted to 1 mil- 
liampere for all d-c voltage measurements. It gives the instru- 
ment an over-all sensitivity of 1,000 ohms per volt. 


3. A-€ VOLTAGE MEASUREMENTS. 


A-c voltage measurements, including a-f voltage measure- 
ments are made by a full-wave, plug-in type, copper-oxide rec- 
tifier, connected in series with the basic d-c meter movement. 
The various ranges provided are possible through use of appro- 
priate multiplier resistors in series with the meter and rectifier 
unit. 


4. D-C RESISTANCE MEASUREMENTS. 


. . . f y 
D-c resistance is measured by connecting the unknown tre- 


sistance in series with the microammeter and a known source 
of d-c voltage (battery). 


9. MEASUREMENT RANGES AVAILABLE. 


a. A-f 
0 


Output Voltage. 

tO DS VOltsaae 

to 5 volts 

to 15 volts - At 4,000 ohms impedance. 
to 50 volts 

to 150 volts 

LORE AVOlts 

to 15 volts At 300 ohms impedance. 
to 30. volts 


> Voltage. 


to 500 volts Sensitivity 2,666 ohms per vole. 


> Voltage. 


to 5 volts 
tO. 2 lS =yolts 
to 50 volts 
to 150 volts 


to 500 volts 
to 1,500 volts 


Sensitivity 1,000 ohms per volt. 


Resistance. 


to 1,000 ohms 
to 10,000 ohms 
to 100,000 ohms 
to 1,000,000 ohms (1 megohm) 


i 


} 


Is 


6. PANEL ARRANGEMENT. 


a. The panel arrangement of this voltohmmeter is shown in 
figure 1. Below the meter dial is the selector switch which 
changes measurement ranges. To the right of the meter dial 
is the OHMS ZERO ADJ. control. 


b. There are five test-lead jacks on the panel. The black jack 
is common to the four red jacks. 


c. The top red jack is used for measuring d-c resistance. The 
red jack, second from top, is used for measuring d-c voltage. 
The red jack immediately below the black jack measures a-c 
and a-f output voltage. The bottom red jack is used when a 
series capacitor is needed to block direct current. It permits 
a-f measurements in circuits where d-c voltages also exist. 


d. When a-f voltages are measured while using the series 
capacitor, the accuracy of meter readings is affected at frequen- 
cies below 500 cycles. 


SECTION II 
INSTALLATION AND OPERATIO 


7. PREPARATION FOR USE. 


a. Remove the lid from the tester case. The battery must be 
installed before using the tester (sec. IV, par. 13). 


b. Set the rotary selector switch at an appropriate range for 
the measurement to ke made. 


CAUTION: When in doubt of the voltage, use the 
highest range as a protection to the meter. Be care- 
ful! Do not burn it out! 


c. Plug the short-handled probe of the black test lead into 
the black jack (common). Plug the short-handled probe of 
the red test lead into the appropriate red jack. 


d. To measure voltage, connect the long-handled test probes 
to the terminals where voltages are to be measured. The red 


probe must go to the positive terminal. Use the black center 
scale for d-c measurements. 


8. RESISTANCE MEASUREMENTS. 


a. Resistance is measured by first shorting the long-handled 
test probes. Hold their metal tips together, and adjust the 
OHMS ZERO ADJ. control until the meter pointer is at 0 
at the extreme right of the upper meter scale. Then connect 
the long-handled test probes to the terminals at which the re- 
sistance measurement is to be made, without regard for polarity. 
Read the meter on the upper scale. 


A 


CAUTION: Before taking ohmmeter measurements, 
_ be sure that no voltage exists in the circuit under test. 
External voltages may seriously damage the meter. 


b. For the 1,000-ohm range, read the resistance directly in 
ohms. For the 10,000-ohm range, multiply the reading by 10. 
For the 100,000-ohm range, multiply the reading by 100; in 
the 1-megohm range, multiply the reading by 1,000. 


9. A-F OUTPUT MEASUREMENTS. 


_4a. To measure a-f output, set the selector switch to the de- 
sired range, at 300- or 4,000-ohm impedance. Use whichever 
more nearly matches the impedance of the circuit being meas- 
ured. Read the meter on the red scale. If d-c voltage is present 
along with the a-f output voltage, the capacitor jack will not 
ke accurate if the frequency of the voltage is lower than 500 
cycles. Since the impedance of the capacitor varies inversely 
to the frequency, measurements made-at higher trequencies 
will be more accurate. 


b. Since the a-c ranges are obtained by means of a copper- 
oxide rectifier, waveform, temperature, and frequency will 
affect the accuracy of the instrument. These readings will be 
substantially correct for frequencies up to about 3,500 cycles, 
but will decrease approximately 14 of 1 percent for every 
additional 1,000 cycles up to 15,000 cycles. Comparative read- 
ings should be made at approximately the same temperature in 
order to minimize this type of error. 


CAUTION: Be careful when dealing with high- 
voltage circuits; over 300 volts, or even less under cer- 
tain conditions, may be fatal. Make connections only 
when the radio set is turned off. 


La 


SECTION III ; j 
\ ae 
FUNCTIONING OF PARTS | 


10. D-C VOLTAGE RANGES. 


a. The basic element of this instrument is a 100-microampere, 
d-c meter of the D’Arsonval moving-coil type. This meter, 
shunted to 1 milliampere full scale, with the proper multipliers, 
is used to make all d-c voltage measurements directly at a 
sensitivity of 1,000 ohms per volt. The multipliers used for 
these measurements are arranged in series and are all mounted 
on resistor board “A” (fig. 5, part No. P-115) as follows: 


5.0-volt range—R-107—4,900 ohms 
15.0-volt range—R-108—10,000 ohms 
50.0-volt range—R-110—35,000 ohms 
150.0-volt range—R-111—100,000 ohms 
500.0-volt range—R-112—350,000 ohms 
1,500.0-volt range—R-113—1,000,000 ohms 


b. The resistance of the meter, when shunted to 1.0 milliam- 
pere full scale, is 100 ohms. When added to the first multiplier, 


R-107, of 4,900 ohms, this equals exactly 5,000 ohms, the 
required value for a 5.0-volt range at 1,000 ohms per volt. 
The shunt, R-109, is mounted on resistor board “B” (fig. 5, 
part No. P-116). 


11. D-C RESISTANCE RANGES. 


a. This circuit consists of a battery in series with a protective 
resistance network. The meter is so adjusted that with no ex- 


OZZZT- IL "UPASDIP INPULAGIF “T AdNdIY 


S110A Dd ¥ « | |. SLIOA rv 
~~ Sen Ye SnHO : ee one 
WIevIdWA-A Pe eke ; 
N3AID BMWA BLVWIXOddd¥ 
YOLSISZY O31 VeBIIwD-* 
YOLSIS3H ONNOM 3yuIM-M 
vOLSIS3H NOBYVD-D 


~ 006% 


000 OO! 


| 


a Nv 
Alaaale 
TITIT ‘ 
a a a 


HD LIMS 
Ad VLOW 


~ _ O1L' 


| 


rt 
ry 
(cg 


° 3° ° ° 
~ _0004¥|S2i- OZI-8 BIl-d Qil-d 


4 

1 }¢ 
° é a4 
Of _[Slol8 
o als |e 3\8 
[r= at olia pelt 
Als lols [ral foes 


Buee 
re) 

aa 

Ga) 

afoul ce 

WT 

ala}o 


D 
' 
%0!% = ~ 000 = 
oS 


= 
4 
° 
3 


€ll-vg Ila g0l-uY 


Yl 


ea 009 21-4 Oll-y SOl-d ZOl-d 


~ 090 


Be 
i 


D 
t 
° 
“N 


4 

io 
1S 
> 


IN 
To 


¥ rae | 


Bee 
I 
‘ © 
[o} 
bos 5 (a) 


LPI 


‘OSW 1) Ell-¥ 
~_ 000'0S¢ =. 


Le 


barca 
aE) 
[ou=a 


Sag 


BOBBORe 


991-1 
YALINWHOLIOA 


ternal resistance, it will read exactly full scale. In order to 
allow for deterioration of the battery, lower voltage, and in- 
creased internal resistance, the meter is shunted to a 

microampere full scale deflection. As the battery voltage drops, 
and the internal resistance of the battery increases, the sensi- 
tivity of the meter is varied by means of R-123, the OHMS 
ZERO ADJ. Therefore with no external resistance and the 
test prods shorted, full scale deflection can be obtained. 

b. To obtain the lower resistance ranges, the sensitivity of 
the meter is decreased in three other steps of ten. All of the 
shunts and protective resistors are arranged on resistor board 
“B” (fig. 5) as follows: 

1 megohm-range—180 microamps, full scale 

100,000-range—1.8 milliamps, full scale 
10,000-range—18 milliamps, full scale 
1,000-range—180 milliamps, full scale 


c. Take care in using the instrument to measure the resistance 
of low-current carrying devices such as instrument fuses, or 
internal meter resistance. This is important so that the full 
scale current of the range used will not damage the part under 


LES hs 


CAUTION: Do not touch high-voltage terminals 
when making measurements on radio sets with power 
on. Voltages dangerous to life are present at the plate 
circuits of transmitters. 


12. A-C VOLTAGE RANGES. 
a. All a-c voltage ranges, whether high or low impedance, 
are made by using a dry disk rectifier to convert the alternating 


current to direct current. This rectifier is the full-wave copper- 
oxide type, bridged by two 2,000-ohm resistors (R-201-1 and 
R-201-2). 

b. In order to compensate for variations in the rectifier itself, 
a shunt, R-202, of approximately 900-ohm resistance is used 
across the rectifier output. This is used to obtain a uniform 
sensitivity of 2,666 ohms per volt for the a-c ranges. This 
resistor is incorporated within the rectifier unit itself. The whole 
assembly is in one self-contained unit, precalibrated for use 
with Voltohmmeter 1-166. 


c. The 300- and 4,000-ohm impedance ranges use the same 
2,666 ohms per volt basic a-c circuit with series-connected mul- 
tiplier. They are loaded by the proper resistance or combination 


of resistances to maintain the desired output impedance. The 
arrangement of these multipliers and loading resistors is as 


follows: 


Voltage Multiplier on Loading resistor 
Impedance range resistor board “‘C” on resistor board “D” 
300 5.0 R-103— 9,330 ohms R-101— 307 ohms 
300 15.0 R-102— 26,660 ohms R-104— 302 ohms 
300 30.0 R-105— 40,000 ohms R-106— 300 chms 
4,000 IL, R-122=— 1,600 ohms 
4,000 M0) R-132— 9,330 ohms’ R-131—5,710 ohms 
4,000 15 R-130— 26,660 ohms  R-129—4,440 ohms 
4,000 50 R-128— 93,300 ohms R-127—4,120 ohms 
4,000 150 R-126—266,600 ohms  R-125—4,000 ohms 
500 R-124—933,100 ohms 


d. The 500-volt a-c range is a direct continuation of the 150- 
volt scale of the 4,000-ohm range. The loading resistor is 


omitted and R-124, 933,100 ohms, provides the additional re- 
sistance, 350 additional volts at 2,666 ohms per volt. 
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SECTION IV 
MAINTENANCE 


UNSATISFACTORY PERFORMANCE OF THIS EQUIP- 
MENT WILL BE REPORTED IMMEDIATELY ON W. D., 
A.G.O. FORM NO. 468. IF FORM IS NOT AVAILABLE, 
SEE TM 38-250. 


13. BATTERY. 
a. The voltohmmeter uses one Battery BA-31 (41% volts) 


which supplies current for the ohmmeter ranges. As this battery 
drops in potential, due to use or shelf depreciation, the OHMS 


ZERO ADJ. control must be turned farther and farther to the 
right. When the meter pointer cannot be brought to 0 on the 
ohmmeter scale by advancing this control all the way, replace 
the battery. 


b. To replace the battery, remove the four screws at the four 
corners of the instrument panel. The entire instrument panel, 
with its parts, can then be lifted out of the case. The battery 
can be lifted from the battery clamp. 


c. Disconnect the battery from the circuit by removing the 
knurled terminal nuts. Connect a new battery by placing the 
red wire on the positive (plus) terminal, and the black lead 
to the negative (minus) terminal. Replace the battery in the 
holding clamps so that battery lugs are at the bottom and away 
from the interior of the tester. Replace the panel assembly 
in the case, and fasten it in with the four panel screws. 


n 


_ d. If replacement of the battery does not restore correct opera- 
tion, or if the voltohmmeter does not function properly on 


any of its other ranges, it should be considered defective. 


NOTE: Do not attempt repairs unless entirely familiar 
-with this type of precision instrument. All repairs 
must be made in authorized Signal Corps repair shops. 
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SUPPLEMENT 


SUPPLEMENT 


to 


TECHNICAL MANUAL 
VOLTOHMMETER 1-166 


3 AUGUST 1944 


The following information, published on Orders No. 6397- 
Phila-44, 22020-Phila-44, 22022-Phila-44, 23772-Phila-44, 
24475-Phila-44, 27612-Phila-44 and 28260-Phila-44, sup- 
plements TM 11-2613, 27 May 1944. Personnel using the 
equipment and having custody of this technical manual will 
enter suitable notations at the appropriate paragraphs in the 
TM to indicate the presence of this supplementary informa- 
tion. 


Page 6. Insert the following paragraph at the beginning of 
section III, preceding paragraph 10. 


9.1. CROSS REFERENCE CHART. 


a. The various manufacturers of Voltohmmeter I-166 use 
different reference symbols for the parts of the equipment. A 


cross-reference chart of the symbols used is given below to key 
the references in the manual with the illustrations of the 
equipment covered by this supplement. 


b. 
Reference symbols 
Part TM 11-2613 Supplement 
Box P-101 43 
Strap P-102 5M) 
Clip fastener P-103 ae 
Stud P-104 58 
Hinge P-105 Not listed. 
- Latch P-106 Not listed. 
Test leads P-108 44 
Alligator clips P-109 45 
Compartment bracket P-110 Not listed. 
Corner bracket P-111 60 
Pointer bar P-112 55 
Knob P-113 56 
Resistor board P-115 Not listed. 
Resistor board P-116 Not listed. 
Resistor board P-117 Not listed. 
Resistor board P-118 Not listed. 
Socket P-119 54 
Rectifier unit P-120 38 
- Column (spacer) P-121 49 
Column (spacer ) P-122 48 
Keying washer P-123 Not listed. 
Insulating washer P-124 Not listed. 
Rectifier P-125 Not listed. 
Insulating washer P-126 47 
Capacitor C-101 4l 
Jack J-101-1 1 
Jack J-101-2 2 
Jack J-101-3 3 
Jack J-101-4 4 
Jack T103-5 5 
Microammeter M-101 39 


Wo 


Part 


Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Switch 


Reference symbols 


TM 11-2613 


R-101 
R-102 
R-103 
R-104 
R-105 
R-106 
R-107 
R-108 
R-109 
R-110 
R-111 
R-112 
R-113 
R-114 
R-115 
R-116 
R-117 
R-118 
R-119 
R-120 
R-121 
R-122 
R-123 
R-124 
R-125 
R-126 
R-127 
R-128 
R-129 
R-130 
R-131 
R-132 
R-201-1 
R-201-2 
R-202 
S-101 


Supplemen 


36 


Not listed. 

Not listed. 

Not listed. 
40 
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13.1. PREVENTIVE MAINTENANCE 
Page 14, Par. 13. Add the following material after paragraph 13. 


a. General Instructions. The performance of the items of 
maintenance outlined in these paragraphs will provide, peri- 
odically, an indication of the operational condition of the test 
unit and assure proper electrical and mechanical upkeep. 


(1) A definite time for these checks should be scheduled by 


the communication officer. The operator should take the read- 


ings indicated and check in the appropriate columns in the 
check sheets. 

(2) Equipment not in use should be checked once a month 
for deterioration, rust, broken parts, and general operation. 


(3) The maintenance items are listed in subparagraphs »/, c, 
d, and e, below. In subparagraphs 4 and c, the maintenance 
items are numbered consecutively with an explanation of the 
appropriate action appearing opposite each item. The items, 
arranged in the same order in check list form, appear in sub- 
paragraphs d and e. 


(4) Deficiencies noted will be reported to the communication 
officer of the unit. 


b. Weekly Checks. 


Item Action 
(1) External surfaces. Remove dust, dirt, grease, and rust. 


Note under remark if touch-up 
painting is necessary. 


(2) Meter. See that the pointer is not bent, 
operates freely, and always retuins 
to zero. 


tiem 


(3) Test leads and clips. 


(4) Control knobs, switch, 
and binding posts. 


(5) Batteries. 


c. Monthly Checks. 


(1) Interior surfaces. 


(2) Selector switch. 


(3) OHMS ZERO ADJ. 
control. 


(4) Case. 


Action 


Check conditions of leads and clips. 
Look for broken conductors sa 
insulation near test prods a 
terminals. 


See that all control knobs and bind- 
ing posts are tight, and that the 
switch and control operate nor- 
mally. 


Check zero ohms adjustment as de- 
scribed in paragraph 13. Replace 
batteries if necessary and note un- 
der remarks. 


Remove dust and other foreign mat- 
ter from the interior of the case. 


Check operation of set for each 
switch position. Note under re- 
marks if repair or adjustment is 
necessary. 


Check for smoothness of operation 
with selector switch in OHMS 
position and test leads shorted. 
Enter a remark if cleaning or re- 
placement is necessary. 


Repaint or repair if necessary. Note 
under remarks. 


d. Weekly Check List. 


VOLTOHMMETER 1-166 


: 
e 


satisfactory. 


PREVENTIVE MAINTENANCE-FIELD TEST EQUIPMENT 


petial! NGs 64... Ate : 


Enter a check in the form below if the item has been found 


ITEM ia ere a 13 |14 |15 


(1) External surfaces. 


FS Ps 4 =! oa >i a eS a eae a 

(2) Meter. | | 
pee P| \ 

(3) Test leads and clips. 
( 4) Control knobs, switch. 
(5) Batteries. 

Enter a check in the form below if the action has been 
completed. 

ITEM ee ce | 3 is |14 |15 
- _ — ——~ N 
(6) Unsatisfactory items 


brought to atten- 
tion of communica- 


tion officer. | i 
ae ole s, t j 

(7) Previously reported 

unsatisfactory items | 

corrected. 

2 al L 
REMARKS: 
2 _ Through ... pee eI ONACUL Gs caciiaces, 
Rating 


e. Monthly Check List. 
PREVENTIVE MAINTENANCE-FIELD TEST EQUIP ENT 
VOLTOHMMETER I-166 Serial "NO; 


Enter a check in the form below if the item has been found 
satisfactory. 


ITEM 1 2 3 4 5 6 
(1) Interior surfaces. : I ; 


(2) Selector switch. 


(3) OHMS ZERO ADJ. control. | 


Li 


Enter a check in the form below if the action has been 


(4) Gres 


fase _— 


completed. 


Le 


ITEM 1 2 { 3 A 5 6 


(5) Unsatisfactory items brought 
to attention of communi- 


cation officer. ( | 


(6) Previously reported unsatis- 


factory items corrected. | | | 
+—___+-—_ —_ 
REMARKS: 
Date wic.cnde Dhrough <2... .0lgnatite = 
Rating....2.::.:..0.00e 


13.2. MOISTUREPROOFING AND FUNGIPROOFING. 


a. General. The operation of Signal Corps equipment in 
tropical areas where temperature and relative humidity are 
extremely high requires special attention. The following items 
represent problems which may be encountered in operation: 


(1) Electrolytic action takes place in resistors, coils, etc., 
causing eventual break-down. 


(2) Capacitors break down when moisture is absorbed by the 
dielectric. 


(3) Hook-up wire and cable insulation break down. Fungus 
growth accelerates deterioration. 


(4) Moisture forms electrical leakage paths on terminal boards 
and insulating strips, causing flash-overs. 


(5) Moisture provides leakage paths between battery terminals. 


b. Treatment. A moistureproofing and fungiproofing treat- 
ment has been devised which, if properly applied, provides a 
reasonable degree of protection against fungus growth, insects, 
corrosion, salt spray, and moisture. The treatment involves the 
use of a moisture-and fungi-resistant varnish applied with a 
spray gun or brush. Refer to TB SIG 13, Moistureproofing and 
Fungiproofing Signal Corps Equipment, for a detailed descrip- 
tion of the varnish-spray method of moistureproofing and 
fungiproofing. 


CAUTION: Varnish spray may have toxic effects if in- 
haled. To avoid inhaling spray, use respirator if available; 
otherwise, fasten cheesecloth or other cloth material over 
nose and mouth. 


c. Step-by-step Instructions for Treating Voltohmmeter ee: 
(1) PREPARATION. 


(4) Make all repairs and adjustments necessary We 
proper operation of the equipment. 


(6) Clean all dirt, dust, rust, fungus, oil, grease, etc., from 
equipment to be processed. 


(2) DISASSEMBLY. 
(a4) Kemove cover by disengaging hinges. 


(6) Remove four screws holding front panel to case. Re- 
move panel assembly. 


(c) Remove battery leads from battery. 


(d) Remove battery from case. 


(3) MASKING. Cover the following components with mask- 
ing tape as shown in figures 7 and 8. 


(4) Complete selector switch, item A, figure 7. 
(6) Lugs on battery leads, item B, figure 7. 


(c) Five pin jacks on front panel, item A, figure 8. 


(4) DRYING. 
(a) Place equipment in drying oven and bake at 160° F 
for 2 to 3 hours. 


(6) If wax should begin to melt on any of the components, 
decrease the temperature and increase baking time approxi- 
mately 1 hour for 10° drop in temperature. 


2 


(5) VARNISHING. 


(a) Spray the equipment to be treated, including the inside 
of the case, with three coats of moistureproofing and fungi- 
proofing varnish. Let the equipment dry for 15 to 20 minutes 
after each coat. 

(b) Using a brush, apply varnish to all positions not reached 
by the spray gun. 


(6) REASSEMBLY. 


(a) Remoye masking tape. 


(b) Inspect all contacts. If necessary, clean with varnish 
remover and burnish. 


(c) Reassemble and test the operation of the unit. 


(7) MARKING. Mark the case with “MFP” and the date of 
treatment . 


EXAMPLE: MFP—8 June 1944. 


